A manifestly Lorentz and diffeomorphism invariant form for the abelian gauge field action with local duality symmetry of Schwarz and Sen is given. Some of the underlying symmetries of the covariant action are further considered. The Noether conserved charge under continuous local duality rotations is found.
The equations of motion of the four dimensional low energy effective field theory for the bosonic sector of the heterotic string, which can be obtained from dimensional reduction of N = 1 supergravity theory coupled to gauge fields in ten dimensions [1] , are invariant under the SL(2, R) non linear duality transformations of the massless fields involved. This has been used to find new interesting black hole solutions carrying both electric and magnetic charges in string theory [2] . Actually, SL(2, Z) a subgroup of SL(2, R), has been conjectured to be an exact symmetry of the full string theory [3] . This duality symmetry, called S-duality, which also inverts the coupling constant, together with the "target space duality" or T-duality, have brought out new perspectives to the understanding of non perturbative features in string theory.
Recently, Schwarz and Sen [4] have developed a method which permits to achieve SL(2, R) duality symmetry at the level of the action by introducing extra auxiliary gauge fields. However, in their formulation, explicit Lorentz and general coordinate invariances are missing. It is only after eliminating the auxiliary fields through their equations of motion that the usual transformation rules for the remaining fields in a specific gauge are recovered.
In this paper we will consider the manifestly Lorentz, gauge and diffeomorphism invariant generalizations of the local duality symmetric actions of Schwarz and Sen for abelian fields.
Furthermore, some of the underlying symmetries of the proposed actions are discussed and the connection with previous works is established.
The simplest model of a duality symmetric action presented in Ref. [4] , deals with an appealing generalization of the Maxwell electromagnetic theory in which two abelian gauge fields A α m (α = 1, 2) are considered. Let us briefly discuss the main ideas. The non-covariant action proposed by Schwarz and Sen is
where
and
which has the following properties
where S is a SL(2, R) matrix. The action is invariant under the following gauge transfor-
and the discrete duality transformations
At the classical level, equivalence with the usual Maxwell action in the temporal gauge equivalence holds also at the quantum level as has been shown in Ref. [5] , where the canonical quantization procedure reveals the presence of second class constraints which may lead to serious problems in supergravity models.
In the following we will consider the action
u is an otherwise arbitrary vector field that satisfies
F and F are the gauge invariant field strengths and their duals
and Λ is an auxiliary antisymmetric field. Note that Φ is a self-dual tensor, i.e.,
and hence Λ is an anti self-dual tensor
Our conventions are η mn = diag(−1, 1, 1, 1), ε ijk = ε 0ijk and ε 0123 = 1. Clearly, the action Eq. (7) is Lorentz and gauge invariant and manifestly invariant under the duality transformations provided Λ transforms as follows:
The equations of motion obtained from the action Eq.(7) are: Contact with the non-covariant formulation of Schwarz and Sen can be made as follows.
Our action has an additional gauge symmetry: The action Eq. (7) is not only invariant under the discrete duality transformations; actually, it is invariant under the continuous duality rotations
where D is a SO(2, R) matrix
which implies the existence of conserved currents. If we consider the infinitesimal duality
the Noether conserved current associated to this invariance is
which satisfies ∂ m j m = 0 on shell.This current is not gauge invariant, but it changes under gauge transformations by the divergence of an antisymmetric tensor. The corresponding conserved generator is
which can be rewritten as
where 
which turns out to be the generator of the non-local duality transformations in the usual canonical Maxwell theory [6] .
Starting out with the covariant action the coupling with gravity keeping the duality invariance is now straighforward. Following the minimal coupling prescription we have
where now
This action is manifestly invariant under general coordinate transformations and manifestly gauge and duality rotations invariant. It is also invariant under conformal transformations
The constraint imposed by Λ turns out to be the same as in Eq. (16). This can be used to eliminate the field A 
the covariant action for the coupling between the axidilaton and the gauge fields A α m in a curved space is
which is invariant under the SL(2, R) transformations
In fact, after eliminating the field A 2 m through the corresponding duality condition which arise from the constraint imposed by Λ
the result is
which exhibits the standard coupling of the axidilaton field with an abelian gauge field in a curved space.
Summarizing, introducing auxiliary fields, we have seen that local duality transformations in the sense of Schwarz and Sen can be implemented in a manifestly Lorentz invariant way as a symmetry of the action, the field Λ playing the role of a multiplier whose associated constraint turns out to be the covariant duality condition. The equivalence with the covariant Maxwell theory follows after solving this constraint in order to eliminate one of the gauge fields from the original action. The connection with the non-covariant approach is also established as a result of an additional symmetry which permits to fix u appropriately.
The generator for the continuous duality transformations was found to be given in terms of Chern-Simons 3-forms. From the proposed covariant action, the coupling with gravity was obtained in a straighforward way. In addition, the presence of the axidilaton field coupled with the abelian gauge fields in a curved space was considered.
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